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Abstract. Floods are among Earth’s most common and most
destructive natural hazards, affecting human lives and prop-
erties directly and indirectly around the world. The frequency
and magnitude of extreme flooding have been increasing in
many parts of the world in recent decades (see, e.g. Berghuijs
et al., 2017; Blöschl et al., 2019a; Marijnissen et al., 2019),
hampering human well-being and economic growth in both
developed and developing countries. Flood risk management
carries out the flood risk assessment and uses appropriate re-
sources (human, finance, science and technology, and nature)
to control the flood risk (Han, 2011), which is an urgent chal-
lenge for the scientific and engineering communities to ad-
dress.
In a similar way to “Twenty-three unsolved problems in
hydrology” (Blöschl et al., 2019b), despite decades of re-
search in this field, there are still many unsolved problems
in floods as well. This special issue “Flood Risk Assess-
ment and Management” is an outcome of the session “Flood
Risk Assessment and Management” in the Naturals Hazards
Division at the European Geosciences Union (EGU) Gen-
eral Assembly held in Vienna, Austria. The session series
has been organized annually at EGU since 2018. This spe-
cial issue presents a wide range of in-depth research studies
based on flood modelling (including hydrological modelling
and hydrodynamic modelling), hazard mapping, flood dam-
age and risk assessment as well as studies that focus on flood
relief prioritization, mitigation strategies and flood policies.
Extraordinary floods and debris flows are also included due
to dam and dike breaks and extreme storms over gullies in
mountain areas. The nine articles in this special issue are
broadly introduced in the following three categories.
1 Flood and related hazards
1.1 Delimitation of flood areas based on a calibrated
DEM and geoprocessing: case study on the
Uruguay River, Itaqui, southern Brazil (Araújo et
al., 2019)
Hazard maps of river flooding are crucial information for
planning and intervention in flood-prone areas. This is a pro-
cess of determining inundation extent and depth by compar-
ing historical and designed river water levels with ground
surface elevation references. There are limited studies that
involve mapping to assess potential flood damage in many
developing countries, which is particularly so in Brazil. In
the work of Araújo et al. (2019), flood areas in southern
Brazil are delimitated based on a calibrated digital elevation
model and geoprocessing techniques. The case study of the
Uruguay River (Itaqui in the state of Rio Grande do Sul)
is presented. Flood hazard areas are mapped using a free
digital elevation model from the Shuttle Radar Topography
Mission. It is calibrated with ground control points based
on post-processed high-precision global navigation satellite
system surveys. Flood episodes are modelled with a return
period of 100 years derived from historic maximum annual
river level records collected from the Itaqui station during
the years 1942–2017. The digital flood map produced can be
used as a database to assist governmental stakeholders in the
implementation of flood risk management plans that are more
adaptable to local restrictive environmental constraints. The
study highlights that the adopted methodological approach is
effective for mitigating flooding damage in coastal and ripar-
ian areas, and it is valuable in reducing strategic monitoring
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costs and the operational expenses of providing assistance to
the population affected by severe flooding events and their
consequences.
1.2 Study on the combined threshold for gully-type
debris flow early warning (Huang et al., 2019)
In mountainous regions, gully-type debris flows tend to oc-
cur together with flash floods, as both are usually triggered
by high-intensity and short-duration rainstorms. Therefore,
it is important to consider such hazards when dealing with
maintaining flood risk management. Early warning systems
have been provided to reduce the risk by such hazards. How-
ever, traditional methods mainly focus on rainfall thresholds,
with no consideration of the rise of loosely deposited ma-
terial and unstable slopes, which are distributed along the
catchments. Huang et al. (2019) present a study that uses a
combined threshold for the early warning of gully-type de-
bris flows. The proposed method uses both rainfall threshold
and critical pore pressure determined by a hydro-mechanical
stability model. The Wenjia gully in China is selected as its
case study to explore a comprehensive method for gully-type
debris flow early warning by real-time monitoring of rainfall
and pore pressure in the material deposited along channels.
The results show that the combined threshold is a reliable
approach for the early warning of gully-type debris flow to
serve the population in the mountainous areas.
2 Flood damages
2.1 Towards risk-based flood management in highly
productive paddy rice cultivation – concept
development and application to the Mekong Delta
(Triet et al., 2018)
Flood risk assessment involves proper estimation of hazard
and consequent damage. Compared with a large number of
hazard studies, research on flood damage is rather limited,
particularly in agricultural lands. Triet et al. (2018) present
a large-scale flood risk assessment for the agricultural sector
in the Vietnamese Mekong Delta. The authors focus on rice
paddies, which are the predominant crop type in the delta.
Its methodological novelty lies in the detailed consideration
of the cropping calendar and plant phenomenology in com-
bination with synthetic probabilistic flood hydrographs. The
study evaluates two land-use scenarios, one with intensified
rice cropping and the other one with reduced rice cropping.
The risk indicators considered are the expected annual dam-
age and the average crop risk. These indicators serve as the
basis for the cost–benefit analysis of the two land-use devel-
opment scenarios proposed in the Mekong Delta Plan. The
results shows that the flood timing, the high tide and the
cropping calendar are crucial factors in estimating agricul-
tural crop damage. The risk indicators used in this study can
serve as a basis on which to develop spatially explicit flood
management and mitigation plans for the delta. Additionally,
these maps may support the recently initiated agricultural in-
surance programme in Vietnam.
2.2 Testing empirical and synthetic flood damage
models: the case of Italy (Amadio et al., 2019)
Flood risk management relies on economic assessments us-
ing flood loss models. Amadio et al. (2019) compare expert-
based vs empirical uni- and multivariable damage models
to estimate the economic costs of flood events to residen-
tial buildings. The project team collect a large empirical
dataset related to three recent major flood events in north-
ern Italy. This dataset includes the following information for
each event: (1) hazard characterization derived from obser-
vational data and/or hydraulic modelling, (2) high-resolution
exposure (location, size, typology, economic value, etc.), and
(3) declared costs per damage category. The study employs
supervised-learning algorithms for exploring the parameters
of hazard, exposure and vulnerability and their influence on
damage magnitude. They test linear, logarithmic and square-
root regression functions to select the best-suited univariable
and bivariable models, and two supervised machine-learning
algorithms (random forest and artificial neural networks),
for training and testing the empirical multivariable models.
These models provide a benchmark for testing the perfor-
mance of four models in the literature, which are specifically
developed for Italy. It is found that water depth is the most
important predictor of flood damage, followed by secondary
variables related to the hazard (flow velocity and duration)
and exposure features (area, perimeter and replacement value
of the building). Multivariable models are found to produce
reliable damage estimates when extensive ancillary data for
flood event characterization are available, while univariable
models are adequate for scarce data environments. Finally, in
Italy, the synthetic models are the best option for damage pre-
diction purposes when extensive loss data are not available
for deriving a location-specific flood damage model. They
conclude that empirical damage data are the most important
set of information for improving and validating damage mod-
els, so the authors recommend a shared effort towards an up-
dated catalogue of floods that includes hazard, exposure and
damage information at the micro-scale. To this end, the adop-
tion of a standardized and detailed procedure for damage data
collection is considered to be a mandatory step.
2.3 Weight analysis of influencing factors of dam break
risk consequences (Li et al., 2018)
Floods caused by dam break are a kind of low-probability
and high-loss risk. There has been limited research in this
area. The paper of Li et al. (2018) paper establishes a weight
calculation model for dealing with the influencing factors
of dam break risk consequences. Twenty factors have been
taken into account, covering hazards, exposure and vulnera-
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bility to construct the evaluation index system on the dam
break consequences. The authors use the statistical cloud
model to improve the entropy method for analysing the
weight of influencing factors. This provides a basis for re-
search on the dam break risk evaluation and for the establish-
ment and improvement of dam risk management theory. The
results indicate that the five factors with the highest weight
are exposed population, flood intensity, alert time, risk un-
derstanding and distance from the dam, which are consistent
with the algebraic weight distribution. The proposed model
has the advantage of extensive applicability, benefiting from
the flexibility of index selection and the independence of ex-
pert scoring, providing a solid foundation for risk assessment
and risk management theory.
3 Mitigation
3.1 Towards multi-objective optimization of large-scale
fluvial landscaping measures (Straatsma et al.,
2019)
Coastal deltas are particularly prone to flooding because of
the coincidence of peak river discharges and storm surges,
the backwater effect due to sea level rises, the urbanization
combined with the associated land subsidence, etc. Adapting
densely populated deltas to the combined impacts of climate
change and socioeconomic developments presents a major
challenge for sustainable development in the 21st century. A
key issue for such environmental management is the num-
ber and diversity of the actors and sectors involved in the
decision process because each has its own perceptions, in-
terests and resources. Therefore, a multi-objective optimiza-
tion of large-scale fluvial landscaping measures is required.
Straatsma et al. (2019) have quantified the variable trade-offs
of common measures to compensate for an increase in dis-
charge and sea level rise. Their case study has looked at the
largest delta distributary of the Rhine River, with 17 adap-
tation scenarios driven by (1) the choice of seven measures,
(2) the areas owned by the two largest stakeholders vs all
stakeholders, and (3) the ecological or hydraulic design prin-
ciple. The measures are evaluated by their efficiency in flood
hazard reduction, potential biodiversity, number of stake-
holders as a proxy for governance complexity and measure
implementation cost. It is found that only floodplain lower-
ing over the whole study area can offset the altered hydro-
dynamic boundary conditions, and natural management of
meadows, after roughness smoothing and floodplain lower-
ing, represents the optimum combination between potential
biodiversity and flood hazard lowering. With this set-up, the
state of the art moves away from the traditional hydraulics-
only analysis towards multidisciplinary, multi-parametric,
multi-objective optimizations for supporting the negotiations
among stakeholders in the decision-making process.
3.2 Re-evaluating safety risks of multifunctional dikes
with a probabilistic risk framework (Marijnissen et
al., 2019)
Flood protection structures are often engineered with addi-
tional functions which are termed multifunctional flood de-
fences (MFFDs). In the Netherlands, combining dikes with
other functions is fairly common (e.g. roads on top, cables
and/or pipelines running through them, or structures on them
or that are part of a historic landscape). However, the tools
to assess the safety of MFFDs are still limited. The means to
determine the safety provided by multifunctional flood de-
fences remain conservative approaches in dealing with indi-
vidual functions. The study of Marijnissen et al. (2019) pro-
vides a new analysis on how a full probabilistic approach
towards multifunctional flood defences can change the as-
sessed safety compared with the conservative approach. It
argues that application of a probabilistic approach towards
multifunctional use of the flood defence will lead to a lower
assessed risk of flooding compared with conservative assess-
ments. It is found that monofunctional dikes with high re-
liability are more suitably combined with multifunctional
uses detrimental to safety, whereas dikes with low reliability
can benefit more from multifunctional uses that contribute to
safety. Further research is required on the proper scenarios
and their associated probabilities that can be used to improve
future assessments of multifunctional dikes. In addition, with
the large uncertainties under climate change, more research
is needed to assess how multifunctional elements influence
the safety of dikes over longer periods.
3.3 Uncertainty quantification of flood mitigation
predictions and implications for interventions
(Berends et al., 2019)
Reduction of water levels during river floods is key in miti-
gating damage and loss of life. Assessment of various miti-
gation options is based on computational modelling, whose
uncertainty influences decision-making. Since model predic-
tions are uncertain, they in turn affect accurate predictions of
optional flood mitigation strategies. The paper of Berends et
al. (2019) explores a new method for quantifying the uncer-
tainties of flood mitigation options and their implications in
designing effective interventions. The case study at the Dutch
river Waal is based on 39 different sources of uncertain-
ties and 12 intervention designs. Relative uncertainty (RU)
is used to compare uncertainties between different interven-
tions. It is defined as the ratio between the confidence inter-
val and the expected effect. The study demonstrates that the
uncertainty behaviour follows a traditional backwater curve
with an approximately constant relative uncertainty value. It
is found that the higher the flood level, the higher the uncer-
tainty and vice versa. However, different interventions with
the same expected effect do not necessarily have the same un-
certainty. For example, in their case study the large-scale but
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relatively ineffective intervention of floodplain smoothing by
removing vegetation has much higher uncertainty compared
with the alternative options. The study emphases that for
real-world problems, uncertainty quantification is necessary
in effectively evaluating alternative flood intervention strate-
gies.
3.4 Climate risks, digital media and big data: following
communication trails to investigate urban
communities’ resilience (Vicari et al., 2019)
For urban resilience assessment on climate risks, “big” data
exploration techniques can be exploited using digital media.
The interaction between climate-related risks and the social
perception of these risks can be monitored to derive the ef-
fect of these interactions on urban resilience. The case study
of Vicari et al. (2019) in two French urban areas has extracted
three corpora of Web communication data: press articles cov-
ering the October 2015 Alpes-Maritimes flood, press articles
covering the June 2016 Seine River flood and tweets on the
2016 Seine River flood. Their analysis involves hundreds of
key terms by looking at their incidence and measuring se-
mantic proximity (conditional distance) between them. Via
this analysis, the authors have found the topics and actors
that characterize each press dataset, their most probable co-
occurrences, and the clusters of topics and actors. Profiling
of social media users allows identification of those who in-
fluence opinions on Twitter. The authors have also observed
how some patterns change over time in different urban ar-
eas and digital media contexts. This research contributes to
gaining a better understanding of public opinion as conveyed
in the media, and the opinion influencers, which is advanta-
geous for any urban resilience project.
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